Incorporation of fatty acids into phospholipids has been investigated using samples of rat liver tissue homogenate, Krebs-Ringer-phosphate buffer (pH=7.4) containing 0.3% albumin, fatty acid mixture and glycerol. The addition of L-kynurenine (4 nmoljg wet weight) to incubation medium induced an increase of palmitic, oleic and linolenic acid and decrease of linoleic and arachidonic acid incorporation into phospholipids . These changes of fatty acid incorporation into phospholipids were followed by increase of cholesterol and decrease of phospholipids content in samples. The addition of 3-hydroxykynurenine (1.8 and 4 nmoljg wet weight), 3-hydroxyanthranilic acid (2.2 and 4 nmoljg wet weight) ,1n..:l quinolinic acid (2.4 and 4 nmoljg wet weight) to incubation medium for phospholipid biosynthesis ill vitro induced a decrease of stearic, palrnitic and linoleic acid and an increase of oleic and especially arachidonic acid incorporation into phospholipids. These changes were accompanied by a decrease of cholesterol content in samples . The influence of kynurenine on fatty acid incorporation into phospholipids was similar to that of neopterin observed earlier. The other tryptophan degradation products behaved similar to the reduced pteridine derivatives. Our results allow to suggest that L-kynurenine decreases, while 3-hydroxykynurenine, 3-hydroxyanthranilic acid and quinolinic acid increase membrane fluidity in the studied concentrations .
Introduction
In earlier studies we have found that pteridine derivatives are capable of interfering with lipid biosynthesis in rat liver tissue homogenates (1-3). Also uyptophan catabolites were shown to behave in a similar way. The results of our previous in- § Correspondence: Dr. Dietmar Fuchs, Institute of Medical Chemistry and Biochemistry, University of Innsbmck, Fritz Prcgl Strasse 3, A-6020 Innsbmck, Austria vestigations have shown that L-kynurenine increases palmitic, oleic and linolenic acid incorporation into phospholipids and decreases the incorporation of linoleic and arachidonic acid. The cholesterol content increases and phospholipid content decreases in samples containing L-kynurenine ( 3, 4) . It is known from the literature that such changes in lipid metabolism are followed by decrease of membrane fluidity (5, 6) , calcium accumulation in cells and cholesterol precipitation (7) (8) (9) (10) . Metabolites of kynurenine have also a high biological activity: 3-hydroxykynurenine and 3-hydroxyanthranilic acid have been acknowledged as carcinogens (11), while quinoJinic acid induces anxiety and seizures (12, 13) .
The purpose of this study was to accumulate further information how different tryptophan catabolites migth behave and how they fit to the earlier results obtained with various pteridines. We compared the action of kynurenine, 3-hydroxykynurenine, 3-hydroxyanthranilic acid and quinolinic acid on phospholipid biosynthesis as well as cholesterol and phospholipid content. In this context some experiments with kynurenine were repeated.
Methods
Homogenized liver tissue of 16 male Wistar rats in Krebs-Ringer-phosphate buffer (pH=7.4) containing 0.3% albumin were used for these experiments (1-4, 13, 14). Samples were incubated at 37"e two times for 4 hours. To investigate the effect of kynurenine and its metabolites, kynurenine (4 nmoljg wet weight, SERVA), 3-hydroxykynurenine (1.S and 4 nmoljg wet weight, SERVA), 3-hydroxyanthranilic acid (2.2 and 4 nmoljg wet weight) and quinolinic acid (2.4 and 4 nmoljg wet weight, SIGMA) were added to experimental test tubes before the first incubation. All the metabolites were diluted with bidistilled water. The same volume of bidistilled water (0.1 ml) without addition of metabolites was added to the control test tubes. After the incubation at 37"e for 4 hours 60 J..ll of 20% fatty acid solution in chlorofOl'm (stearic, palmitic, linoleic, oleic, linolenic and arachidonic acid in equivalent amounts; SIGMA) and 40 J..lI of glycerol were added to all test tubes. Then the test tubes were again incubated at 37°e for 4 hours. After this second incubation 75 ml of chloroform/methanol mixture (2:1) was added to each sample. The samples were mixed and left for 40 min at a room temperature. Then the chloroform/methanol extract was filtered and the filtrate was carefully treated according to the method of Folch et al. (15) . The whole cholesterol concentration was determinated by the method of Engelhard and Smirnova (16) , the amount of phospholipids-by the mcthod of Urbach-Raabe (17) . The method of Kates (IS) was used to prepare the phospholipid samples for fatty acid examination by gas chromatography. Helium was used as a carrier gas and the sorbent was chromo sorb covered with DEAG . Separated Pteridines/ Vol. 8 //No . 3 fatty acid methylesters were monitored at 210 o e, using flame ionization detection and an adequate flow rate of helium. The separation was controlled by internal methylester standard substances (SIGMA).
Statistical analysis were done using Student's ttest. P-values below 0.05 were considered to indicate significant differences (19) . Figure 1 shows the changes of phospholipid biosynthesis after addition of L-kynurenine (4 nmol/g wet weight) to samples. We observed an increase of palmitic, oleic and linolenic acid incorporation (p<O.OOl) and decrease of linoleic and arachidonic acid incorporation (p<0.05; p< 0.001) into phospholipids. At the time of biosynthesis the amount of cholesterol increased (p< 0 .001), while the amount of phospholipids decreased (p<O.OOl) in samples. Figure 2 points out the changes of phospholipid biosynthesis after addition of 3-hydroxykynurenine (1.S and 4 nmol/g wet weight) to samples. We have observed that 3-hydroxykynurenine decreases palmitic, stearic and linoleic acid (p<O.OOl) but increases oleic acid (p<O.OOl) and especially arachidonic acid incorporation into phospholipids with both concentrations investigated. The cholesterol content decreased in 3-hydroxykynurenine treated samples (p<O.OOI), while the amount of phospholipids was not altered. It is seen that 3-hydroxyanthranilic acid decreases palmitic, stearic and linoleic acid (p<O.OOl) and increased oleic and arachidonic acid (p<O.OOl) incorporation into phospholipids with both concentrations investigated. acid (p<O .OOl), while an enchanced incorporation of 8, 11, 14, 17 arachidonic acid into phospholipids was found in samples containing both concentrations (2.2 and 4 nmoljg wet weight) of 3-hydroxyanthranilic acid. The cholesterol and phospholipid content was not altered in samples containing 2.2 nmoljg wet weight 3-hydroxyanthranilic acid, while addition of 4 nmolj g wet weight 3-hydroxyanthranilic acid induced a decrease of cholesterol and phospholipid content (p<O.OOl; p< 0.05 ) in samples. Figure 4 shows the changes of phospholipid biosynthesis in vitro after addition of quinolinic acid (2.4 and 4 nmoljg wet weight) to sam?les. Quinolinic acid prevents palmitic (p<O.OOl), stearic (p <0.001) and linoleic (p<O.OOI) acid and promotes oleic (p<O .OOI ) and two types (5, 8, 11, 14 and 8 , 11, 14, 17) of arachidonic acid (p<O.OOl; p<O.OOl) incorporation into phospholipids with both concentrations investigated. The cholesterol content decreased in samples treated with 2.4 and 4 nmoljg wet weight quinolinic acid, while the phospholipid content was decreased only in samples treated V'.>ith 4 nmoljg wet weight quinolinic acic_.
Results

Discussion
The results obtained in this study after addition of L-kynurenine to incubation medium for phospholipid biosynthesis in vitro agree with results obtained in our previous investigations (3, 4) : the incorporation of palmitic, oleic and linolenic acid increased, while incorporation of linoleic and arachidonic acid decreased in phospholipids. These deviations were followed by an increase of cholesterol and a decrease of phospholipid content in samples containing L-kynurenine . Similar changes in cholesterol content, cholesterol/phospholipid ratio and fatty acid content of phospholipids are characteristic for decreased membrane fluidity, prevented cell cycle and stimulated calcium accumulation in cells (5, 6) .
It has been also mentioned (5, 6) , that low cholesterol content, decreased cholesterol/phospholipid ratio and increased unsaturated fatty acids content of phospholipids indicate an increase of membrane fluidity, stimulation of cell cycle and possible malignant transformation of cells. In the present study, the decrease of cholesterol content, decrease of phospholipid ratio, decrease of saturated fatty acid content and increase of arachidonic acid content in phospholipids was characteristic for carcinogenic metabolites of kynurenine: 3-hydroxykynurenine and 3-hydroxyanthranilic acid (10) . To compare the results of the present study with 3-hydroxykynurenine and 3-hydroxyanthranilic acid added to incubation medium for phospholipid biosynthesis in vitro with our previous investigations (1, 14) using dihydrobiopterin, sepiapterin, tetrahydrobiopterin and dihydroneopterin in the same assay system we may conclude that both, dihydro-, tetrahydro-forms of pteridines and 3-hydroxy-forms of kynurenine and anthranilic acid scavenge the radicals of reactive oxygen compounds (20, 21) and, as a consequence liquifY membranes of cells (1, 14) .
It is not clear at what molecular level the influence of tryptophan catabolites on lipid biosynthesis might occur. However, it seems possible that these compounds interfere with 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase . Earlier it has been shown that the activity of the enzyme is redox-sensitive: hydrogene peroxide (22) as well as ascorbic acid, most likely via formation of the free radical monodehydroascorbate, inhibit HMG-CoA reductase (23) . It is interesting to recall that also various pteridines have been shown to interact with reactive oxygen metabolites (20, 21) , and it seems plausible that also the influence of pteridines on, e.g., phospholipid biosynthesis ( 1 -3) in vitro, could be a consequence of their possible impact on reactive oxygen species to inhibit HMG-CoA reductase . As in other biological systems oxidized pteridines like neopterin or biopterin may enhance oxidative stress and reduced derivatives like 7,8-dihydroneopterin may act in an opposite way (20, 21) . In fact, this observation could provide a sound exPteridines/ Vol. 8/ No. 3 planation how different pteridines and tryptophan catabolites may have quite distinct effects, which than would be a result cf their capacity to either enhance or scavenge oxygen free radicals (24) .
Toxicity of quinolinic acid to neuronal cells (25, 26) can be explained by an increased peroxidation of lipids due to the formation of quinolinic acidiron complex (27) . If this is correct, quinolinic acid in our test system should induce changes which are characteristic for decreased membrane fluidity. When comparing the results obtained with quinolinic acid added to the incubation medium for phospholipid biosynthesis in vitro with our data obtained earlier using kynurenine and neopterin in the same assay system there exists obviously an inverse relationship: quinolinic acid in the concentration 2.4 and 4 nmol/g wet weight decreases saturated and increases two types of arachidonic acid (polyunsaturated fatty acids) incorporation into phospholipids. Moreover, quinolinic acid induces a decrease of cholesterol content in samples as well as cholesterol/phospholipid ratio. The data suggest that quinolinic acid in our test system induces deviations of lipid metabolism characteristic for an increase of membrane fluidity. Therefore the mechanism of the cytotoxicity of quinolinic acid is not solved at present. Further investigations are needed.
